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Estes and Skinner (l9*rl) noted that if a stimulus previously
correlated with shock is presented to an animal engaged in consummatory operant behavior, the result is a suppression of the response.
Masserman (l9*+3) trained two groups of cats to respond to either a
flash of light and/or a hell by moving the lid of a box to procure
food.

While the signals were automatically presented for one group,

the other group was trained to produce the signals by pressing a switch.
The opening of the lid and subsequent procurement of food was followed
by punishment.

Three forms of punishing stimuli were used: air puff

across the face, foot shock, or a combination of both.

Following

such food/punishment presentations, the signal-food subjects escaped
punishment by refusing to eat in the apparatus.

The switch-pressing

group escaped punishment by refusing to press the switch.
were starved to death.

Some cats

Masserman's results and those of follow-up

studies (Beach et al., 1956; Jacobson and Skaarup, 1955; Lichtenstein,
1950; Masserman and Pechtel, 1953) indicate that both consummatory and
instrumental response systems are suceptible to the same behavioral
principles.

Both are readily suppressed by the presentation of aver-

sive stimulation.

While these findings signalled some shared character

istics between the two response systems, the effects of punishment on
both response systems remained unclear.
Based on scant data from a comparative study of the effects of
punishment on consummatory behaviors, Solomon (196*0 suggested that
consummatory response systems were, by their biological significance,

1
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more resistant to punishment than non-consummatory behaviors.

However,

a review of the literature in the area showed that the consummatory
class of responses were, on the contrary, more suceptible to punishment
than non-consummatory behaviors.

Although the real reason for this

difference was unclear, some explanations have been suggested.

Church

(1969) noted that, since consummatory responses occur in general at
the terminal end of a chain of operants, they are closer to the rein
forcing consequences of behavior and therefore more resistant to
extinction.

Black and Young (197*0 have recently noted that, since

drinking water is a part of the osmo-regulatory subsystem, water in
take by its function seems more intimately tied to the neural control
system regulating water balance.

Bar pressing on the other hand is

only made part of the regulatory system by operant conditioning and
may therefore have less physiological constraints.
While several studies have shown that consummatory behaviors can
be suppressed by contingent shock, procedural differences prohibit a
direct comparison between these findings and results from non-consum
matory situations (Beach et al., 1956; Leaf and Muller, 1965; Masserman
and Lichtenstein, 1950; Solomon, 196U).

Leaf and Muller (1965) studied

the effects of water deprivation, shock intensity, and morphine on the
suppression of licking under a punishment contingency.

In a single

experimental session, groups of water deprived rats were allowed to
lick water freely; subsequently, a fixed-ratio punishment schedule was
superimposed on the free licking baseline.

These authors found a
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direct relationship between the degree of suppression and the shock
intensity.

The degree of suppression however was independent of

deprivation level.

DeCosta and Ayres (1971) compared the magnitude

in variability of suppression of licking and bar pressing in an
aversive situation and reported less suppression of licking than of
bar pressing.

The study showed, in addition, that the within group

variability of the data was higher under the licking system than
under bar pressing behavior.
A number of studies have assessed the strength of consummatory
licking behavior under non-aversive conditions.

These studies have

aimed at establishing a functional relationship between lick rate and
reinforcement quality.

More specifically the studies have attempted

to determine whether there is a sound empirical evidence to support
the so-called invariance hypothesis which claims that rats lick at a
steady rate under a variety of conditions (Bolles, 1967; Denny and
Ratner, 1970; Hinde, 1970).
Davis and Keehn (1959) compared the relative preference of rats
to three solutions: sucrose, salt, and saccharin.

They found that the

local rate of responding remained between five and six licks per
second irrespective of the licking condition.

Corbit and Luscher (1969)

analyzed interlick interval distributions in rats under four depriva
tion conditions and five saccharin solutions.

The authors reported

that lick rate was independent of deprivation and saccharin solutions
used.

This invariance claim is not restricted to rats.

Similar

findings have been reported across species.
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Schaeffer and David (1973b) studied the momentary lick rates of
gerbils (males and females; young and old) across levels of depriva
tion (12, 2h, and J+8 hours) and sucrose concentrations (W, 161 , and
32$).

The study revealed no statistical differences associated with

the independent variables.

The rate invariance claim has been extended

to cats and hamsters by Schaeffer and Huff (1965).

Although the pre

viously mentioned studies confirm the invariance hypothesis, other
researchers suggest that lick rates may be.varied under some conditions.
Cone and Cone (1968, 1973) revealed differences between sexes during
high and low activity periods as well as large within-subject var
iability across test conditions.
Hulse’s procedure (1967), which permits discrete drops of liquid
through a licking tube opening, demonstrated that the lick rate of male
albino rats decreased linearly as the response requirement increased
from CFR to FR5, FRIO, and FR15.

Lick rate was also sensitive to the

time since the beginning of the test session.

Hulse showed, in

addition, that while burst rate tended to increase with an increase
in saccharin concentration, the difference was not significant.
In a study designed to assess consummatory licking, Allison and
Castellan (1970) used a microanalysis approach comprising of (a) onoff time duration between tongue-tube cdntact, (b) off-on time to the
next contact, and (c) interlick interval, the sum of a and b.

Allison

and Castellan detected a microbehavioral difference between nutritive
and non-nutritive licking rate.

In consummatory licking no change was
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observed in the on-on time (interlick interval) across session; how
ever, on-off time decreased while off-on time increased.

The authors

concluded that while consummatory lick produced changes in contact time
per lick, it does not produce a change in the rats.

Goodrich (i960)

compared running speed and lick rate under various sucrose concentra
tions in rats.

He too found that while sucrose concentration did not

affect both dependent variables, the animals ran and licked faster if
either Uo or 1*1-5 licks were permitted as compared to five licks only.
The effect of reinforcement quality as a controlling variable in
determining the strength of licking behavior seems to be unclear.

The

data cited in the preceding section indicate a wide range of results
from workers in the same area.

The differences are even more pronounced

when the wide variability across studies in both apparatus and proced
ure are considered.

Cone (197*0 listed a few of the sources of var

iability in instrumentation such as type of circuitry used in recording
responses and the variations in pulse formers and counters.

Volume

of fluid received per lick may vary from the diameter of the tube
opening and in turn influence rate of licking.

The positioning of the

lick tube and session length have been shown to affect licking rate
(Cone and Cone, 1973; Corbit and Luscher, 1969; Keehn and Arnold, I960;
Schaeffer and Premack, 196l; Synder and Hulse, 1961).

These sources

of variability impose a constraint on the generality of results from
studies on lick rate.

They also question statements about absolute

lick rates since it is possible that absolute lick rate, in fact, re
flects totally different topographies of behavior.
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The contradictory results from the studies so far cited are of
course not localized to positive reinforcement situations.

The effect

of reinforcement quality on response strength has also been evaluated
under aversive control.

The results have been similarly equivocal.

The assertion that the higher the quality of reinforcement, the hard
er it is to suppress a response that has been brought under its con
trol does not seem to have solid empirical support.

That a highly

preferred reinforcer will attenuate effects of punishment on response
rate has, however, been demonstrated in some instances.

Estes (19&9)

found that the degree of suppression is inversely related to the
amount or quality of the food maintaining the response.

Thus the

more preferred reinforcer will maintain more responding than a less
preferred reinforcer in a given aversive situation.
The majority of the works in aversive conditioning that have
evaluated the role of reinforcement quality on response strength come
from the conditioned suppression literature.

In conditioned sup

pression there is a reduction in response rate maintained by appetitive
reinforcement during a stimulus whose termination is paired with a
brief unavoidable shock (Lyon, 1965).

A response contingent shock

delivery reduces the future probability of the punished response
(Azrin and Holz, 1966).

Typically most of the studies in aversive

control have been designed to manipulate reinforcement quality de
fined by the degree of concentration of a given solution in the
assessment of the rate of acquisition and recovery from suppression.
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Geller (i960) assessed the response strength during acquisition
and extinction as a function of baseline reinforcer.

He trained two

groups of rats to bar press on a free licking reinforcement schedule.
One group licked sweetened milk and the other was maintained on water.
After free licking was stabilized in both groups, a VI-2 minute
schedule of reinforcement was introduced.

The rats were conditioned

to a 3 minute tone which terminated in a brief o.75mA shock of 0.25 sec.
duration.

Following conditioning, subjects were divided into extinction

subgroups in which half of the rats in each group were maintained on
their acquisition schedule while the other half was switched to the
other schedule.

All animals were given seven extinction trials.

Geller found that the rate of acquisition of suppression was
slower for the milk group than for the water group.

All water rein

forced subjects were nearly completely suppressed to the conditioned
stimulus.

Extinction was more rapid for the milk reinforced animals

than for the water group.

The poorer suppression exhibited by the milk

reinforced subjects was attributed to the qualitative superiority of
milk relative to tap water.
Vogel and Spear (1966) conducted a study that supported the find
ings of Geller's i960 work.

In a series of three experiments using

two sucrose concentrations (k% and 32%), they showed that there was less
response suppression in the 32$ group than in the k% group.

The

authors systematically varied sucrose concentration and measured the
effects on conditioned suppression.
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In experiment #1 subjects were food deprived and allowed free
access to complete 110 licks of either h% or 32% sucrose.

The sub

jects were then conditioned to a 10 second tone which coterminated
with a 1 second 1mA foot shock.

The sucrose solutions were

presented

again after conditioning and extinction tests were given in which the
tone came on as in the conditioning sessions but without shock.

Sub

jects were required to complete 100 licks and the time taken to com
plete 10 licks in the presence of the tone was used as an index of
suppression.
These researchers found that subjects licking h% sucrose took
longer to complete 10 licks in the presence of the conditioned stim
ulus than rats licking 32% sucrose.

The h% group showed reliably

more suppression than the 32% group.
Although some of these findings may seem to establish the form
of relationship between reinforcement quality and response suppression,
they only represent at best indications rather than conclusive con
firmation.

Geller (i960) pointed out that the findings do not warrant

the selection of reinforcement value as a critical variable.

Pro

cedural problems prohibit strong statements regarding the actual
differential effects of sucrose concentration.

One of the reasons for

doubt comes from the fact that while subjects were water deprived in
the first condition of Geller's study, they were food deprived in the
second condition.

It is possible that the results reflected depriva

tion differences rather than inherent qualitative reinforcement
differences.
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Ayres and Quinsey (1970) pointed out that in the Vogel and Spear
study the measure of suppression failed to distinquish between the
effects of reinforcement on the overall baseline rate and the rate
during conditioned stimulus periods.

In addition, the study failed

to separate out the effects of reinforcement on suppression induced
by the conditioned stimulus from those generated by static cues of
the apparatus.

Apart from the procedural problems that limit general

ization of these findings, there have been negative results.
In contrast to the two previous studies, Ayres (1968) studied the
effects of shock intensity and sucrose concentration on differentially
conditioned suppression.

In a multiphasic study, Ayres trained two

groups of rats (8% group and 32% group) to bar press on a VI-60 second
schedule of reinforcement.

In the baseline phase, high and low tones

were presented in a counterbalance order at the following times (in
minutes) 7» 20, 33, and k 6 .

Subsequently tone/shock pairings were

presented with shock occurring at the last second of the tone (CS).
For half the subjects the high tone was CS+ and low tone, CS-.

Recov

ery sessions were run in which both shock and tones were removed.
Following recovery, the first reacquisition trials were run.

During

the first 10 days (the bar/in sessions) shock was reintroduced in the
last .5 second of the tone.

A recovery session was conducted and

was followed by re-extinction.

The re-extinction was identical to

the original extinction session except that tones were presented in the
following order HLLH or LHHL.

Ayres found no mean overall differences
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between CS+ and CS- for both 8% and 32% sucrose groups.
suppression was low for both groups.

In addition,

He also found that the mean

response rates under 32% sucrose were roughly triple those under 8%.
Sucrose concentration had very little effect on suppression and the
difference between 8% and 32% was not reliable.
More recently Ayres and Quinsey (1970) conducted a two replication
study that specifically investigated the effects of sucrose concentration
on conditioned suppression and recovery.

In the first replication

odd numbered experimental chambers were provided with 8% sucrose and
even numbered ones with 3 2 %.

Sucrose solutions were reversed for

the chambers in the second replication.

Four groups of subjects

were conditioned to the CS (tone + white noise) and shock was super
imposed on the free operant licking baseline.

Two of the groups, the

conditioning groups, were assigned to the two sucrose solutions (8% and

32%).

The conditioning groups were given 10 presentations of a

15 second CS with 1 second duration shock, .5, .8, 1.6, or 2.5mA
depending on subject's group.

The conditioning group received addition

al 10 randomized CS/2-.5mA shock pairings.

Eats were reconditioned

after three extinction sessions without CS or shock.

The authors

found that sucrose concentrations did not affect the suppression
of licking behavior.

However the 32% group recovered their baseline

response rate faster than the 8% group.

They concluded that sucrose

variation does not seem to affect suppression during CS and pointed
to the lack of co-variation between rate and resistance to suppression.
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Studies utilizing punishment procedure to assess effects of rein
forcement quality on suppression are less numerous and their results
less -well understood than studies that utilized the conditioned sup
pression procedure.

Bertsch (1972) noted the scarcity of studies re

lating "both consummatory behavior and non-consummatory operants to
quality of reinforcement under punishment.
In an earlier study, Bertsch (1972) tested the role of reinforce
ment quality and deprivation in an aversively controlled condition.
He trained two groups of rats on a VI schedule of reinforcement.

The

first group lever pressed for water reinforcement and was simultaneous
ly punished.

The second group was shocked for licking a drinking tube.

In experiment #2, rats were trained on a similar schedule of rein
forcement as in experiment #1 except that punishment was contingent
upon the first lick preceding a reinforced bar press.

This procedure

made it possible to assess the effect of punishment for a consummatory
response which follows a consummatory behavior.

The effects of con

summatory and instrumental response to punishment were thus compared
on a common dependent variable, the instrumental response.
Bertsch found that consummatory operant response was more sup
pressed by punishment than lever press response.

He concluded that

until appropriate variations of drive and incentive stimuli are made
and their effects assessed on punished consummatory and instrumental
behavior, no explanation of Solomon's (196^) speculation regarding
the differential suppressive effects of consummatory and instrumental
behavior by punishment will be appropriate.

The kind of behavior
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punished and its location in a behavioral sequence seem to be critical
variables in response suppression by punishment.
In another study, Quinsey (1971) examined the effects of sucrose
concentration and food deprivation on fixed-ratio punishment of lick
ing in rats.

In experiment #1, sucrose solutions were rotated each day

in a four-day cycle.

Each of the four groups was assigned to a part

icular sucrose concentration level (k%, 8$, l 6%, 32%, w/w) throughout
the study.

Cycle #1 was a free licking condition and no punishment

was programmed.

In cycle #2, a .3mA intensity and .5 second duration

shock was superimposed on an FR-200 schedule for licking.

Shock

intensity was increased to .6mA at the third cycle and to 1.0mA at the
fourth cycle.

A fixed-ratio-200 contingency was in effect throughout

the punishment phase.

There was thus a direct correlation between

number of responses and intensity of shock.

Quinsey reported, in

addition, less suppression for higher concentration of sucrose than
for lower concentration.

Similar results were found by Guttman (1953)

for CRF in bar pressing.

Lick rates for the first five minutes of each

session were similar in the 8%, 16$, and 32$ groups whereas the l 6%
and 32$ groups' response rates for the thirty minute session as a
whole were lower than rates in the 8$ group.
observed with the lowest shock intensity.
with increases in sucrose concentration.

Minimal suppression was

Punishment ratios decreased
Sucrose concentration was

most effective at the intermediate shock intensity.

Quinsey concluded

that the function relating behavioral suppression to reinforcement quality
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is equivocal.

While some studies report no effect on suppression

(Ayres, 1968; Ayres and Quinsey, 1970; Quinsey, 1970) others state
more cautiously that the observed effects are statistically uncon
vincing, though in the right direction (Millenson and DeVillers, 1972;
Hancock and Ayres, 197*0*
In view of these discrepancies in findings and based on the
potential but significant role that a knowledge of reinforcement
qualities could play in the control of response strength, it seems
reasonable to do more investigation in this area.
The present study is designed to further investigate the effects
of reinforcement quality on punished behavior.

It will also seek to

extend the procedure used by Ayres and Quinsey (1971) by employing
more sucrose concentrations and independent shock probabilities in
a conjoint schedule.

In such a schedule, the punishment contingency

is superimposed on the licking baseline.

A licking operant was

chosen because of several advantages: (a) Licking in rats is part
of the osmo-regulatory system and as a result, no shaping is neces
sary.

(b) The training procedure is short and simple,

(c) Subject's

behavioral history does not affect it very much (Vogel and Spear,1966).
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METHOD

Subjects

Twenty, experimentally naive, male albino rats were used in the
current study.

They were obtained from the Upjohn Company rat colony

in Kalamazoo, Michigan.

The subjects were 90-120 days old on arrival

at the experimental laboratory.

They were housed in individual cages.

Water and Purina Rat Chow were available on an ad-lib basis with per
iodic vitamin supplementation.

Room temperature and humidity were

maintained at normal levels and optimum lighting was provided.
Subsequent to a three-week free feeding period, all subjects were
placed on a gradual water deprivation schedule designed to ensure min
imum physiological disruption.

The schedule was initialized by making

the water bottles available for only six hours a day for five days.
Gradually water availability was reduced to three hours, one hour, and
finally to the terminal deprivation level of ten minutes per day.
This schedule was maintained until subjects' body weights stabilized
at 85$ before the start of the study.

Subjects were allowed only

ten minutes of drinking per day throughout the experiment except in
cases of extreme weight loss.

Food was available on an ad-lib basis.

Apparatus

The apparatus used in the present study was similar to that pre
viously described by Angerami (1976).

There was a house light, mounted
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above each chamber.

The floor consisted of four tubular grids (2cm.

in diameter), connected to the shock generator.

The generator pro

vided scrambled shocks of 325 VAC. with a current value of 1.5 mA.
Each chamber had a non-functional rodent lever and a dipper which
was up and dry throughout the study.

Background white noise was pro

vided by a Grason-Stadler white noise generator (model 901B).

A red

stimulus light and a tone source (Sonalert, model SC628) were located
on the top left side wall.

The boxes were adequately ventilated.

Subjects had free access to a metal drinking tube inserted through
the plexiglass wall opposite the lever.

Water bottles were clamped

on to the wall of each box and connected to the licking tube through
a rubber tubing.

The lick transducer was a lickometer assembled from

a EICO 1800 Kit, N.Y. N.Y.

The solutions used in the current work

were prepared by mixing a measured weight (Ugm., 8gm., l6gm., 32gm.)
of solute (domestic, granulated sugar) and 1000 mis. of solvent (dis
tilled water).

Fresh solutions were made at the end of each week.

All programming, monitoring, and recording were done by means of
a PDP-8/e computer linked to an interface supplied by the State Systems,
Incorporated of Kalamazoo, Michigan.

All experimental procedures were

programmed in the SKED notational language (Snapper, 1975).

Procedure

Subjects were randomly assigned to five equal-sized groups of
four rats.

Each group received a single sucrose concentration

throughout the experiment except at the last phase when concentrations
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were switched for the first four groups.

Table 1 shows group member

ship and the sucrose concentrations associated with each group at
both initial and late conditions.
Table 2 shows the sequence and duration of the experimental con
ditions.

Six adaptation sessions were conducted before the true ex

perimental conditions were introduced.

During these sessions, the

house light, the masking white noise, and fan were operative.

The

liekometers were introduced and subjects were allowed five minutes of
drinking in the experimental chambers and five minutes in the home
cages.

After the fourth session all subjects licked steadily through

out the sessions.
On the seventh day of these adaptation sessions, a 2000 Hz tone
with a duration of 10 seconds was superimposed on the free operant
baseline.

The tone came on at the middle of the session.

Although

the introduction of the tone was initially disruptive, adaptation to
the tone was rapid.
each group.

Sucrose concentrations were randomly assigned to

Eight baseline sessions were conducted under conditions

similar to the adaptation sessions.
At the end of the baseline phase, all groups were subjected to
punishment sessions.

The experimental conditions in effect during

punishment were similar to those of the baseline phase.

Each pun

ishment session was associated with an independent shock probability.
A scrambled shock was delivered to the feet of the rats through the
grid floor at the end of each tone period.
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Table 1:

Group membership and sucrose concentrations assigned to each
group at both early and late experimental conditions. Solu
tions for groups 1-U were switched during the last punish
ment and extinction sessions. Group 5 remained at the same
concentration throughout the study.
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Group Membership and Sucrose Concentrations Associated With Each Group

Subjects

#850
851
852
853

855
856
857
#858
859
860
861
#862
863
86lt
865
#866
867
868
869

Group #

Sucrose Concentration

Initial

Late

1

1 .6%

0.0*

2

3.2%

0 .k%

3

0 .0%

1 .6%

k

o.k%

3.2%

5

0 .8%

0 .8%
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Table 2:

Shows sequence and number of sessions for each condition.
Explanation for each condition is provided.
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TABLE 2

Sequence of Experimental Conditions

Conditions

Sessions

Comments

Baseline 1

Tap water, tone occurred at the middle
of the session. Randomly assigned
subjects to groups. Ten minute ses<sion length.

Baseline 2

Assignment of groups to concentrations.
CS (tone) occurred as in Baseline 1.

Punishment 1

10

Similar condition as in Baseline 2 plus
probability of shock (1.00) introduced
to coterminate with CS.

Recovery 1

11

Eliminated shock contingency.

Recovery 2

18

Sequential trials. Five separate CS
periods interspersed through the 10minute session. No shock.

Punishment 2

12

Reintroduced Punishment 1. Changed
probability of shock (0.75).

Recovery 3

19

Identical to Recovery 2.

Punishment 3

16

Changed probability of shock to (0.50).

Recovery k

11

The same as Recovery 2.

Punishment U

10

Replicated Punishment 3 plus switch
of sucrose solutions for Groups 1-U.
Group 5 retained the initial level.

Recovery 5

10

The same as Recovery 2.

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

Three independent shock probabilities were used in the present
study:

1.00, .759 and .50.

an intensity of 1.5 mA.

Shock duration was brief (0.12") with

Shock occurred in the last second of the CS

and was presented once in each session.
Figure la represents the state diagram for the discriminative
punishment and recovery procedures used in this study.

It utilizes the

notational system developed by Snapper and Kadden (1973).
A typical session began in State Set

1.

This state was activated

by the first lick designated as (R3) which also turned on the houselight (HL).

Five minutes later, a tone (CS), 10 seconds in duration

was presented.
terminated.

If no response occurred during the tone, the CS was

A response during the tone generated a pulse (Z2) which

activated the punishment stimulus according to the current status of
shock probability.

The pulse generated by (Z2) became a brief (0.12")

scrambled shock that coterminated with the CS.

Shock probabilities

varied between 1.00, 0.75» to 0.50 over conditions.

Subsequent

to these discriminative punishment trials, a sequential recovery
procedure was in effect.
ing recovery.

Figure lb shows the sequence of events dur

During these sequential trials, the shock contingency

was removed to assess recovery from punishment.

Five separate CS

periods were programmed during the sequential trials.

These were

interspersed throughout the experimental session as represented in
Table 3.

The beginning, duration, and termination of each stimulus

condition is indicated.
Sessions were conducted daily except for holidays, computer break
downs, and periods of infection.

Rat #853 died at the end of Punishment
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Figure la:

State diagram illustrating the discriminative punishment
procedure. Three shock probabilities were varied. The
fourth shock condition replicates the third condition.
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Figure lb:

Sequential trials recovery procedure. Five on-off tone
periods were interspersed in each trial. Shock contin
gency was removed. Only one trial in the sequence was
represented.
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Table 3:

On-off times and the duration of each of five stimulus
conditions during a sequential recovery session.
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TABLE 3

A Typical Sequential Trial Procedure

Sequence

Trial #

Starts

CS

Ends

1

30"

L0"

6o"

2

150"

160"

180’

3

270"

O
CO
CM

300'

h

390"

O
O

h20'

5

510"

520"

5h0'
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RESULTS

Mean lick rate and suppression ratio per session are the major
measures employed in the present study.

The suppression ratio was

calculated hy dividing the lick rate per second during the tone (CS)
by mean session lick rate per second.

A ratio of zero represents

maximum suppressive effect, while a ratio of 1 shows a facilitative
influence.
Figure 2 shows a decrease in overall response rate with increas
ing probability of shock at the end of the CS period.

The greatest

overall suppression for all groups occurred at the punishment prob
ability 1.00.

There is a direct relationship between shock probabil

ity and the degree

of suppression (ie. the higher the shock probabil

ity the more the suppressive effects on licking).

Lower punishment

probabilities reduced responding only moderately.
As shown in Figure 3, all shock probabilities were effective in
completely suppressing responding during the conditioned stimulus per
iod.

The conditioned suppression data showed more consistency between

groups, with maximum suppression occurring at p=1.00.
Once complete suppression to the tone was obtained, all animals
failed to recover with the single trial procedure.

In this procedure,

the tone occurred as usual at the middle of the session but the shock
at the end of the stimulus period was omitted.

The problem of recovery

to the pre-CS suppression ratio after initial contact with discrimina
tive punishment is depicted by Figure Ua.

The figure shows that the
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Figure 2:

Licking as a function of shock probability. Rates are
expressed as mean session rates during the terminal three
days of each condition for each group of four animals.

Figure 3:

Suppression ratio as a function of shock probabilities.
Each point represents a mean performance of the final
three days of each condition for each group of four animals.
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Figure Ua:

Lick rates during recovery sessions for each group. Each
point represents a group average taken across the last
three days of each condition.

Figure Vb:

Suppression ratios during subsequent recovery conditions.
Each point is an average taken during the last three days
of each condition.
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alternative recovery procedure - the sequential trials - was effective
in producing from maximum to moderate recovery in all groups.

The

figure represents the session lick rates and suppression ratios of
groups during recovery.

Recovery 1 and 2 were recovery conditions from

100$ shock probability.
Mean rate of licking for all groups remained below the pre-punish
ment level though the difference was not large.

The failure to recover

after an initial contact with punishment contingency has been noted in
three other related experiments (Angerami, J.G.M.,1976; Masques,N.,1976
Walton,Jr.,M.M.,1977)•

Each of these studies investigated a number of

variables related to speed of extinction of conditioned suppression.
In the present study, the sequential procedure was introduced
during Recovery 2 as shown in Figure Ub.

Although only one group

(0.8$) actually reached a 1.00 suppression ratio during the conditioned
stimulus, other groups attained moderate mean suppression ratios
ranging from 0.60 to 0.80.

Recovery It and 5 fell below 0.80.

between group variability in Recovery 5 may be noted.

The

This was the

recovery session during the replication of Punishment 3 with sucrose
concentration shifts for Groups 1—it.

Suppression ratios ranged from

0.25 for Group 2 whose sucrose concentration was switched from 3.2$ to

0.b% to Group 3 with sucrose shift from 0.0$ to 3.2$.

The recovery

performance of two subjects under two conditions is shown in Table it.
Switching from higher to lower sucrose concentration seemed to lead
to less suppression.

Switching from lower to higher concentration

tended to have an opposite effect.

This was observed in a few subjects
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Table It

Shows the mean rate and ratio performance of two subjects:
#857 and #860. Data are averaged across the final five
days of each recovery condition (2 and 5).
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TABLE 1+

Mean Lick Rate and Suppression Ratio Figures of Subjects #857 and #860
During Two Recovery Conditions

Group #

Subject

Sucrose Concentration

Initial

Late

Recov. 2

x Rate

Ratio

Recov • 5*

x Rate

Ratio

2

#857

3.2#

0 .h%

3.6

1.0

3.2

0.7

3

#860

0.0#

1.6#

^.7

1.0

5.3

1.0

^Recovery condition with sucrose concentration shift
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However it was not a general trend for all subjects.
Figure 5 shows the behavior of an individual subject, #850, under
both punishment and extinction conditions.
the suppression ratio data are typical.

The mean session rates and

Of particular interest is the

suppression ratio during Recovery 5 when sucrose level was changed
from 1.6% to 0.00% for this animal, suppression ratio increased from
0.1 to 0.7 following identical shock probabilities (0.50A and 0.50B).
This result was contrary to what was originally hypothesized since a
change from a higher concentration to a lower concentration was ex
pected to lower licking rate during the CS and to produce higher sup
pression.

Since the concentration difference between 1.6% and 0.0% is

fairly large, the high suppression ratio in recovery during sucrose
switch

may have been due to the introduction of a novel stimulus (in

this case, pure distilled water).

Thus the novelty may have been a

stronger variable than the effects of sweetness.

Another explanation

might be the differential shock densities in the two exposures to the
50% shock probability.

It may be the animal received a lower shock

density during the sucrose switch condition than during the 50% con
dition.

Table 5 shows the mean percent of shock actually received

by each group across the punishment conditions.

Concentration group

1.6% received a comparatively higher shock density during 50A than in
the replication condition.

The low suppression of subject #850 dur

ing the reversed condition may have been due to more shocks avoided.
Additionally the table shows that Group 2 (3.2%) had the highest per-
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Figure 5:

Mean session lick rates and suppression ratios for an indiv
idual animal, #850 from concentration group, 1.6$, during
all punishment and recovery conditions. Data points indi
cate averages during the last five successive sessions in
each condition. p(S“^/E) = probability of shock given that
a lick response occurred.
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Table 5

Shows mean percent shock actually delivered for each
concentration group during shock probabilities 75 9 50A,
and 5OB.
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TABLE:5

Percentage of Shocks Actually Received

Sucrose
Concentration Groups

Shock
Probabilities

1+

1

2

—

—

—

—

—

75

33

30

23

32

25

50A

21

23

2k

18

18

5OB

1.1+

35

18

18

lU

23

26

22

23

19

* 100

x

3

5

* Number of shocks actually delivered was not recorded early in the
study.
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centage of shocks actually received.

Thus higher density of shocks

received may have also contributed to the higher suppression of Group 2
subjects.

Mean percent of shock actually delivered following punish

ment conditions .50A and .50B varied from 21% - 12%.

Overall group

shock rate differences seem to be moderately large, 19% - 26%.

In

this case differences in shock density may also have had an influence
in group recovery performance from punishment.
To further evaluate the overall performance picture of punish
ment and recovery conditions including the possible effects of sucrose
if any on the acquisition and recovery, a profile of one subject, #850,
is presented in Figure 6.
successive sessions.

Each point represents an average of five

Data for mean session rates and suppression

ratios are shown.
In Punishment 1 (p-1.00) complete suppression was induced and
persisted through Recovery 2.
imated in Recovery 2.

Maximum recovery was closely approx

Punishment 2 (p-0.75) brought responding back

down to complete suppression: The decrease, however, was not as rapid
as that observed during Punishment 1.

The general trend of suppression

and moderate recovery is repeated under each condition though later con
ditions with lower shock probabilities seemed less dramatic than the
initial suppression and Recovery 2.

Figure 7 shows group mean rate

licking performance in five successive days across all conditions.
Sucrose group 1.6% had slightly superior performance except in con
ditions 9 and 10.
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Figure 6

Acquisition and extinction profiles of subject #850 across
all conditions. Each point is an average of five consec
utive sessions across conditions.
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Figure 7

Mean lick rate of each sucrose concentration group across
all conditions. Each point is an average for five suc
cessive days.
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The effect of sucrose in the present study is not clear.

Appen

dix A and B represent individual mean performances of terminal three
days in each of the punishment conditions.
a sucrose concentration group.

Each group also represents

These mean performance figures are

similar and follow the same monotonic relationship Between punishment
probability and suppression of licking.
There seems to be slight possibility that sucrose levels may have
had some effect in both suppression and recovery of licking during
the conditioned stimulus following punishment sessions.

Figure 1*

indicates that groups licking 0.1*% and 3.2% seemed to be most severely
suppressed by punishment.

In addition, switching sucrose concentrations

for Groups 2 and 3 produced only a small difference.

The shift from

an initial sucrose value of 3 .2% to 0.1*% reduced both mean rate and
suppression ratio measures.

Shifting Group 3 from 0.00% to 1.6%,

however, improved licking rate but not suppression ratio - ie. switch
in sucrose value from lower to higher value did not affect suppression
ratio but did affect mean session rate.
From the data presented, punishment was effective in producing
a lasting response suppression in all subjects.
was not clear.

The role of sucrose

Group behavior subsequent to shifts in sucrose solutions

seemed to be in the expected direction though without large absolute
differences.

The present findings support the observation that "there

is probably an effect of reinforcement quality on suppression but so
far this effect can only be described as paltry." (Hancock and Ayres,

197*0.
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DISCUSSION

In the present study a within subject design was used to invest
igate the effects of different CS-shock probabilities on the suppres
sion of operant licking maintained by different sucrose solutions.

Re

sults indicate that shock was effective in producing immediate, com
plete and lasting suppression in all subjects.

The data are consistent

with the known effects of'punishment in other operant behaviors such
as key pecking in the pigeons and bar pressing in the rats (Azrin and
Holz, 1966).
All shock probabilities used in this study effectively suppressed
responding during CS.
probabilities.

Mean lick rate decreased with increases in shock

This finding parallels the effect of shock intensity on

instrumental response rate reported by Ayres and Quinsey (1970).
Another major finding to emerge was in the recovery conditions.
All animals continued to suppress during CS even though the shock
was no longer delivered.

The introduction of the sequential trials

procedure seemed to have increased responding to CS.

It is not com

pletely clear, however, whether the degree of recovery in Recovery 2
was wholly attributable to the sequential trials procedure.

It is

possible that the attenuation of suppression was a function of length
of exposure to the experimental conditions.

This is supported by the

fact that it took eighteen sessions in Recovery 2 to bring suppression
ratio back to the pre-punishment level.
however, not recovered.

Baseline lick rate was,

The fact that only one group (Group 5)
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actually recovered during Recovery 2 reduces the strength of the
claim that the sequential procedure was the major influence in rec
overy.

No other group and at no other recovery condition was base

line ratio attained.
Another major finding from the current work is that there is
little systematic evidence that sucrose concentrations attenuated
the effects of punishment.

While the relationship of sucrose to sup

pression during punishment is unclear, the recovery picture is, how
ever, different.

Recovery 2 indicates that Group 5 (0.8$) perfor

mance during CS seemed slightly higher than the rest.

Overall lick

ing performance across all conditions shows a slight superiority of
Group 1 subjects (1.6%) over other groups.

This result is contrary

to the findings of Vogel and Spear who found that the highest con
centration group had less suppression compared with the lower sucrose
group.

In the present study, the group maintained by 3.2% sucrose

suppressed as much as 0.1+% group.

Intermediate values in the range

of concentrations used seemed to be most preferred.
The difference in these two studies might be due to the levels of
sucrose concentration used.

The current study used highly dilute (w/v)

solutions compared to the high sucrose content of 8% and 32% (w/w)
solutions that have been used in most sucrose studies described in the
literature.

The dilute solutions used in this study have advantages

over high sucrose content of 32% and 8%.

Diluted solutions will obviate

the risk of early satiation referred to by Ayres and Quinsey (1970).
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The problems of dehydration and sticky and clogged tubes are also
avoided.
Although sucrose effects are not convicingly large in the present
study to warrant a strong statement about the sucrose-suppression func
tion, the data do not suggest strong negative results.

The present

general statement is in consonance with that of Hancock and Ayres
(197^).

There is probably an effect of sucrose concentration of sup

pression but the present procedure was not effective in picking it up.
The difficulty in detecting sucrose effect in punishment sit
uations seems to be related to two major factors: (a) the problem of
using response rate as a measure, and (b) procedural difficulties.
The first of these problems derives from the fact that the relation
ship between quality or quantity of reinforcement and response prob
ability is not easy to establish by regular operant techniques.

In

the present experiment it was difficult to maintain a steady state
behavior during punishment.
quickly.

Punishment disrupts on-going behavior

Performance during CS may be difficult to alter if the

suppression is complete (Lyon, 1965).

Thus the sensitivity of re

sponse rate as a metric for reinforcement quality or quantity is
questionable on this ground.

Also, acquisition of licking behavior

is easy and can be maintained at a very high rate.

Given high rates,

the degree of control of licking by reinforcement quality may be
minimal.

In a punishment situation, the high rate of licking is

easily disrupted.

Blackman (1968) showed that high rates of response

are correlated with strong suppression.
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The present study had several procedural problems.

First, the

rapid suppression produced by the shock seemed to indicate that the
shock intensity and 1.00 probability were too high.

Theoretically it

may be possible to select a shock intensity and a shock probability
that may not disrupt responding as severely as the present shock values.
There may also be the possibility of better quantification of the pun
ishment -lick rate relationship with lower shock probabilities.

Earlier

works indicate that reinforcement quality has a clearer effect mostly
during recovery from punishment reinforcement (Ayres and Quinsey, 1970,
1971)•

Probability of shocks resembles conditioning and extinction

in that not every trial is punished.

As indicated by the proportion

of shocks actually delivered, the majority of the subjects received
less than half of the programmed shocks in each punishment condition.
Second, in the present study the behavioral alternatives avail
able to the subjects were much too limited.

The limited choice in the

experimental situation may have contributed to the severity of sup
pression.

The animals were in a go/no-go situation - they either

licked or did not do so.

When they licked, they did so in bursts.

When they did not lick, they quit without a severe consequence.
was not the possibility for medium rates.

There

Under this condition

shocks were the dominant stimuli and the only primary consequence
that may have controlled responding.
may have been ignored.

Thus reinforcement quality

There are other methods, however, that may

be effective in picking up qualitative differences among reinforcers
in punishment situations.
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One possibility is the two-bottle preference test in which dif
ferent sucrose concentrations are varied in two bottles and absolute
response rates or volume consumed recorded as indices of choice (Young)
and Green, 1953).

Another alternative, and perhaps more effective,

could be a contrived forced choice situation which provides the oppor
tunity for choice alternatives.

If the subject did nothing, the pro

cedure alternates between two disparate sucrose concentrations.

If

the subject works, there is a shift from one concentration to another.
Preference will be indexed by the amount of time allocated to the be
havior that produces the preferred solution or the amount consumed
from each alternative.

The size of the difference in amount consumed

may be some function of the difference in concentrations (Collier and
Rega, 1971).

Also the frequency by which a subject will engage in

operations that will produce a change over to the preferred condition
can be treated as a measure of reinforcement quality (Baum, 197*0.
Although findings from the present experiment failed to provide
convincing data to establish the form of the function relating lick
ing rate and reinforcement quality, the results do not suggest an
absolute negative relation.

All that can be said is that there pos

sibly exists a function relating the degree of suppression produced
by punishment and the quality of reinforcement.

However, the present

procedure failed to identify its shape.
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APPENDIX A

MEAN SESSION RATE AND SUPPRESSION RATIO
FOR INDIVIDUAL ANIMALS DURING PUNISHMENT

Subjects

Punishment Conditions

0

50A

5OB

75

100

850

it.5
1 .2

3.6
0.21

k .6
0.01

it.5
0.02

it.7
0.01

851

3.6
0.9

852

it.9
O.b

3.5
0.01

853

it.5
1 .it

2.8

85it

2.8
1.2

855

856

it.1
0.01

it.O
0.00
it.O
0.01

3.8
0.03

k.l
0.01

3.6
0.02

2.8
0.02

it.3
0.05

it.3
0.01

2.8
0.01

0 ro
0 0

1 .6%

3.8
1 .0

lt.lt
0.01

3.5
0.00

it. 2
0.01

3.5
0.00

it.7

1.3

3.2
0.00

it. 8
0.20

it.7
0.02

it.5
0.09

857

5.0
1 .2

it.3
0.02

it. 2
0.05

3.9
O.ltO

2.7
O.Olt

858

it.3
1 .0

it. 2
0.01

3.3
0.01

2.8
0.01

2.6
0.01

859

5.2
1.3

3.0
0.01

it.5
O.llt

---

2.9
0.02

860

5.2
1 .2

it.5
0.01

it.7
0.02

3.3
0.00

3.U
0.01

861

it. 2
1 .2

3.7
0.13

3.5
0.03

it.O
0.01

3.6
0.03

3.2%

0 .0$
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Sucrose
Concentration

59'

Sucrose
Concentration

Punishment Conditions

Subjects

0

50A

5OB

75

100

862

5.0
1.1

k.9
0.01

it. 6
0.01

lt.lt
0.00

3.U
0.01

863

it.i
1 .2

it.it
0.02

b.6
0.01

k.5
0.01

It.l
0.01

8 6k

3.0
1 .0

k.k
0.01

k.2
0.01

it. 8
0.01

k .6
0.01

865

it.7
1 .1

k.i
0.03

It.O
0.01

3.U
0.01

3.1
0.18

866

3.6
1.3

3.8
0.01

3.it
0.01

3 .0
0.01

2 .2
0.05

867

3.6
l.lt

it.3
0.01

3.7
0.02

3.2
0.01

3.3
0.02

868

It.U
0.7

5.1
0.03

3.5
0.01

1 .8
0.00

2.9
O.Oit

869

It.U
1 .1

k.2
2.28

It.6
O.Oit

it. 2
0.10

5.0
0.07

0 .k%

0 .8$
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APPENDIX B

MEAN SL '.ION RATE AND SUPPRESSION RATIO
FOR INDIVIDUAL ANIMALS DURING RECOVERY

Sucrose
Concentration

Subjects

Recovery Conditions

1

2

3

^

5

850

5-k
0.01

5.^
0.90

it.9
0.60

lr.0
0.20

it.9
1.00

851

it.8
0.01

5.2
0.87

5.1
0.30

5.0
0.60

3.0
0.11

852

3.5
0.00

k.2
0.90

5.3
0.73

853

3.1
0.03

3.5
0.80

5.3
0.96

3.7
0.52

85^

3.1
0.03

3.1
0.20

3.9
0.11

5-it
0.33

k.k
0.21

855

3.2
0.02

U.2
0.51

it.3
0.50

5.0
0.11

2.5
0.13

856

5.0
0.03

it.7
1.00

5.1
0.60

3.3
0.02

3-7
O.Oit

857

3.7
0.03

3.6
1.00

it.8
0.93

it.7
0.60

3.2
0.70

858

it.9
0.01

it.9
0.51

it.3
0.02

3.9
0.20

it.6
0.33

859

it.it
0.01

It.It
0.90

it.6
0.70

it.6
0.80

5-0
1.00

860

it.2
0.01

it.7
1.00

3.5
0.89

it.9
0.77

5.3
1.00

861

it.lt’
0.01

it.7
0.82

it.1
0.63

3.9
0.70

it.3
0.90

1 .6%

3.2%

k.6
0.90
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k.k
0.10

6i

Sucrose
Cone entrat ions

Subjects

Recovery Conditions

2

3

862

it.O
0.02

it. 6
0.61

^•1
0.03

it.5
0.30

5-2
0.37

863

3.9
0.00

3.9
0.77

It. 2
0 .i+3

it.l
0.31

5.3
0.50

86it

it.5

O.lk

It.O
0.87

5.1
0 .6lt

it. 2
0.87

d

865

3.5
0.03

5.2
0.80

5.3
0.73

3.8
0.65

it.l
0.90

866

3.0
0.01

3.7
1.00

3.7
0.17

. 3.7
0.27

3.3
0.20

867

it-.i
0.01

It. 2
0.88

3.7
0.70

it.5
0.90

3.7
0.30

868

3.2
0.00

it.3
0.93

3.it
0.76

3.8
0.it3

5.0
0.90

869

it-.1
0.12

5.6
0.10

5.1
0.9it

3.7
0.80

3.it
0.63

0 .b%

Lf\
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